Introduction
One of the main disadvantages of penicillin as a chemotherapeutic agent is that the kidney is able to eliminate it from the blood in a relatively short time, making it necessary that injections be repeated fairly frequently in order to maintain a therapeutic blood level for a long period. This is, of course, most undesirable from the patient's point of view and many workers have attempted to find means whereby the n'umber of injections per twenty-four hours could be lessened. The most promising method so far developed to this end is that introduced by Romansky and Rittman (1944) , who incorporated the penicillin in a mixture of peanutoil (arachis oil) and beeswax. This mixture had the property, when injected into the body, of giving a slow release of penicillin, with consequent prolongation of detectable blood levels and therefore a reduction of the number of injections required. Romansky concluded that the optimum results were obtained with a mixture containing 4-8 per cent. beeswax in arachis oil with a maximum penicillin concentration of 300,000 u/ml., the penicillin having a potency of not less than 1,000 u/mg.
However, the use of Romansky's preparation is not without difficulties, for at room temperature this mixture is solid and it requires heating to a teniperature between 400 and 500 C. to be melted.
Even then the bore of the needle needed for injecting it is large and somewhat uncomfortable for the patient. The difficulty of heating the preparation before use is easily overcome in hospital practice where all facilities are present, but the position is often quite different for the general practitioner attending a patient in his own home.
The difficulties inherent in the use of Romansky's preparation led to the search for other preparations which would give a similar prolongation of penicillin blood levels but which would be fluid at room temperature and would pass through a relatively fine-bore needle. Of such preparations the ones giving the most encouraging results to date have been mixtures of beeswax in ethyl oleate, which are fluid at room temperature and can be injected through a finer-bore needle than that required for Romansky's preparation. It has been said, however, that the beeswax-ethyl-oleate mixtures do not give such prolonged penicillin blood levels as beeswax and arachis oil, and the object of the present investigation, carried out on behalf of the Ministry of Health, has been to compare the penicillin blood levels obtained with beeswax mixed with ethyl oleate on the one hand and arachis oil on the other. 6 per cent. The penicillin concentrations varied between 50,000 and 300,000 u/ml.
Subjects.-Most of the subjects on whom the investigations were carried out were attending the Venereal Diseases Department of St. Mary's Hospital. Some were also taken from the general wards of the hospital, no cases with any suspicion of renal disease being accepted. A few experiments were also performed on niormal healthy adults.
Both males and females were used in these experiments, the fornier preponderating, since in the venereal disease clinic they were found to be more co-operative than the latter.
The test subjects were divided into two groups:
(a) cases confined to bed; and (b) ambulant cases. In the former group it was possible to obtain blood specimens at much more frequent intervals than in the latter, owing to the difficulty of out patients being unable to attend more than once or twice a day. In the majority of the ambulant cases, therefore, the blood-level estimations were limited to one at twenty-four hours after administration, but sometimes an earlier estimation was possible.
Penkillin Efflmafons.-The titrations of penicillin in the serum specimens were all carried out by the method described by Fleming and Smith (1947) 
Results
Aqueous Penicillin.-Four subjects, all at rest in bed, were given 500,000 units of penicillin in normal saline by intramuscular injection. The blood levels are shown in Table I Beeswax and Arachis Oil.-A few experiments with penicillin in beeswax and arachis oil were carried out to check the results with those of Romansky and Rittman and to provide a basis for comparison with the ethyl oleate preparations. These were performed under the same conditions, in the same laboratory, and with the same technique. Table II shows the preparation used for each subject, the dose, the activity of the patient, and the blood levels obtained. It will be noted that, with one exception (subject 8), all these subjects, regardless of the preparation used and the dose employed, still maintained a detectable amount of penicillin in the blood twenty-four hours after injection. Fig. 2a and b shows the blood level curves for the resting subjects. The arachis oil preparations made by Imperial Chemical Industries gave the results shown in Tables Ill and IV for resting and ambulant subjects respectively. Tables V and VI. The administration of these preparations was attended by no untoward effects except when the injections were subcutaneous. In these cases the patients complained of pain, the extent of which was experienced by myself in four experiments. In each instance the injection was practically painless, but after approximately six hours a dull ache was noticed which was considerably intensified by movement. This pain was accompaned by a variable degree of redness and swelling, but no abscess formation was observed. The symptoms subsided slowly, but complete freedom was not reached for six or seven days. Tt was felt that symptoms of this sort constituted a barrier to the use of this route of administration in practice, and no further experiments using it were conducted. Discussion Aqueous Penicillin.-The duration of detectable blood levels following the intramuscular injection of 500,000 units of penicillin in aqueous solution (Table I and Fig. 1 ) provides the standard with which to compare any preparation designed to give prolonged action. Subject 1 showed a slightly longer duration of blood levels than subjects 2 and 3, but this is offset by the poorer result with subject 4. It would seem that the expected duration of blood levels following this dose is twelve hours for a therapeutic level and sixteen hours for complete disappearance of the penicillin. This is reasonably in accordance with the report of Fleming and others (1944) , who showed that 100,000 units gave a therapeutic level for five hours following intramuscular injection. Though larger doses than this were not employed by these workers, one might expect from their results that 500,000 units would give detectable levels for about twelve hours. It is necessary, therefore, that any penicillin preparation, to qualify as one giving prolonged action, should give rise to detectable levels of penicillin in. the blood at intervals of more than twelve to sixteen hours after an intramuscular injection of 500,000 units.
Beeswax and Arachis Oil.-All the tests carried out on the standard B.P. preparation of penicillin in beeswax and arachis oil gave detectable blood levels at considerably longer intervals after injection than did aqueous solutions. The results (Table TI and Fig. 2 I.C.L Preparations.-The first of the I.C.I. preparations, containing 1 per cent. beeswax and 300,000 units of pure penicillin 2(G) per ml., was tested only in resting subjects. Four experiments (Table III) showed that in no case could penicillin be detected in the blood for more than twelve hours from the time of the injection. This is no better than the expected duration of blood levels following the administration of penicillin in aqueous solution.
The second preparation, containing 4-5 per cent. beeswax and 125,000 units of commercial penicillin per ml., was tested in ambulant subjects. Table IV shows that the duration of detectable blood levels in 60 per cent. of these cases was as long as that obtained with the B.P. preparation. This is, of course, an exceedingly satisfactory finding, for this mixture, as already pointed out, has the advantage over the standard preparations of being fluid and so more easily manipulated.
Ethyl Oleate Preparations.-The most striking feature shown by the ethyl oleate preparations (Table V) was the extreme variation of response in different individuals. This variation was present with all the preparations tested, regardless of the amount of beeswax or the penicillin concentration. For example, subject 27 showed 0-13 unit of penicillin per ml. of serum twenty-four hours after an intramuscular injection of 500,000 units of penicillin with 6 per cent. beeswax, subject 49 showed 0-06 u/mL twenty-four hours after injection, while in subject 50 the penicillin had disappeared from the blood in twelve hours. When the subcutaneous route was employed for injections the variation was much less marked. Subjects 23, 28, 29, 30, 46 and 47 all gave detectable blood levels at eighteen to twenty-four hours after 500,000 units of penicillin, regardless of the preparation used. But, as previously noted, this method of administration had to be abandoned owing to the prolonged pain and discomfort produced.
The amount of beeswax employed in the preparation between the limits tested of 4 per cent. to 6 per cent. does not appear to be ofvery great importance, though broadly speaking it may be said that the prolongation of detectable blood levels tends to increase with increasing beeswax concentration. Thus with mixtures containing six per cent. of beeswax, 50 per cent. of subjects still showed penicillin in the blood twenty-four hours after injection; with 478 per cent. beeswax, 33 per cent. gave a blood level at twenty-four hours, and with 4 per cent. beeswax (Table VI) 
